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Introduction 
Diseases caused by Phytophthora species are responsible worldwide for catastrophic losses 
in commercial crops and irreparable damage to natural vegetation. Historically, one species 
(P. infestans) even briefly shaped human migration patterns when it caused famine in 
Ireland. In Australia, Phytophthora species have also affected horticultural food crops and 
continue to do so. One species, Phytophthora cinnamomi, is also having a profound effect 
on natural vegetation in southern Australia, and may well permanently alter the structure, 
composition and function of some communities, whilst pushing individual species to 
extinction (Cahill et al. 2008). Recent research has shown that other species of 
Phytophthora are also having an impact in natural vegetation in Australia. One species (P. 
ramorum), though not yet present, is known to affect many Australian plants; its airborne 
dispersal will make it much harder to control than existing Phytophthora species. 
The aim of this paper is to present information about Phytophthora species that have or 
potentially have an impact on natural vegetation in Australia and, using P. cinnamomi as a 
case study, describe current management approaches in two States: Western Australia, 
where the adverse impact of the disease has been long acknowledged; New South Wales, 
where the pathogen was thought until recently to be native. We highlight the importance of 
learning from experience elsewhere to develop the most cost-effective management 
responses. This will be vital throughout Australia should P. ramorum be introduced into the 
country. 
 
Phytophthora diseases in Australia 
Although Phytophthora cinnamomi remains the major plant pathogen in Australia, a number 
of other Phytophthora species have recently been described associated with dead and dying 
plants.  These include P. multivora (Scott et al. 2009) which now has a host range of more 
than 26 species; P. elongata a pathogen with a host range of more than nine species (Rea 
et al. 2010); P. arenaria and P. constricta with host ranges of seven and six species, 
respectively (Rea et al. 2011). These host ranges are every likely to increase with time, 
these pathogens have only just been described. Whilst others, such as P. bilorbang, which is 
associated with the decline of European blackberry (Rubus anglocandicans), appears to be 
host specific (Aghighi et al. 2012). At least another ten Phytophthora species are currently 
being described in Western Australia (Figure 1) and all of these are associated with dead or 
dying woody plants from natural ecosystems or urban trees.  It is critical that research is 
conducted on these and other species to determine their distribution, the impact they have 
on natural ecosystems throughout Australia, whether they can be controlled by phosphite 
and to determine if they can be managed in a similar manner to P. cinnamomi. A number of 
these new species such as P. multivora  have been found associated with dying plants in 
eastern Australia;  for example. P. multivora with Wollemia nobilis (Wollemi Pine). It is likely 
that in time many of these new species will be found to occur throughout Australia, as many  
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of these species are likely to have been introduced into Australia on plant material and then 
moved by the nursery industry.  
 
 
 
Figure 1. Phytophthora species from natural ecosystems in Australia.   
Blue lettering = species with long histories in Australia; orange lettering = species recently described in last three 
years, and green lettering = still to be described.   
(Figure courtesy Dr. Treena Burgess, CPSM Murdoch University) 
 
More importantly, are the recent findings of stable Phytophthora hybrids in rivers, dams and 
other waterways throughout Western Australia. Once again it is important to understand the 
role these play in natural ecosystems and not to underestimate their importance.  For 
example, in Europe and North America P. alni is having a major impact along waterways as 
it is killing Alnus species and changing the plant communities in these ecosystems (Brasier 
et al. 2004).   
Although P. ramorum is not found in Australia, host range testing of Australian native 
species overseas and climate modelling indicate that if the pathogen is introduced into 
Australia it is likely to have significant detrimental impacts on Australian plant species as it 
has a large host range and its distribution will be similar to that of P. cinnamomi (Ireland et 
al. 2012).  
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New spore structures and survival strategies in Phytophthora cinnamomi 
A recent study on how P. cinnamomi survives on infested sites has revealed that the 
pathogen is extremely ‘plastic’ in its life strategies and will change how we traditionally view 
the life cycle of this pathogen.  The study has shown that P. cinnamomi can survive as a 
biotroph and/or endophyte in symptomless native annual and herbaceous perennials.  
Although considered heterothallic (requiring two compatible mating types to undergo sexual 
reproduction), the study also showed that it can successfully ‘self’ produce numerous viable 
oospores.  Oospores are thick-walled sexual spores well adapted to long-term survival in 
adverse climates. In addition, numerous stromata were shown to be produced in the annual 
and herbaceous perennial species. These also function as survival structures and can 
themselves germinate numerous times to produce oospores, thick-walled oospores and 
most likely sporangia.  It is very likely that the pathogen has similar life strategies in other 
ecosystems.  This plasticity in the biology of the pathogen needs to be considered when 
considering control options such as containment and eradication (Crone et al. in review).  
 
Phosphite update 
Lastly, phosphite which is routinely used to protect susceptible plant species and 
communities from P. cinnamomi has the potential to act as a phosphate (P) fertiliser source 
in the long-term. This increased source of P could be detrimental to plant species, such as 
members of the Proteaceae that have adapted to soils low in P.  Briefly, phosphite is an 
analogue of phosphate and although not converted to P in plants, once it reaches the soil, 
soil microbes rapidly break it down to P.  Therefore, when plants eventually die and 
decompose or when a fire occurs, the phosphite in the plants will become a source of P 
when it reaches the soil. This increase in P is likely only to be detrimental in communities 
that have had a long history of phosphite treatment (Ahmedi, 2012).   
 
Phytophthora cinnamomi In WA & NSW: similarities and differences 
Despite the dramatic symptoms that P. cinnamomi produces in many WA plant communities 
and its apparent cryptic nature in NSW, this pathogen has a similar modus operandi in both 
States. 
Phytophthora cinnamomi was first recorded in NSW in the late 1940s affecting native plants 
in the Blue Mountains (Fraser 1956), although it was probably introduced much earlier than 
that given its current very widespread distribution. Symptoms in forests near Perth consistent 
with those caused by P. cinnamomi were first reported in 1921 (Dell et al. 2005). In NSW, 
plant deaths caused by P. cinnamomi have mostly been reported in areas with average 
annual rainfall > 800 mm but little sampling has been done in drier areas. In WA also, many 
of the worst-affected areas receive > 800 mm of rain annually but impacts are also observed 
in areas with only 400 mm annual rainfall. One reason for this, and one of the key 
differences between the disease in NSW and WA, is that highly susceptible species in WA 
extend into low rainfall areas. In NSW, as far as we know, highly susceptible species are 
largely confined to coastal or near-coastal areas, where rainfall is comparatively high. 
In general, the south-west WA flora is much more susceptible than the NSW flora. Genera 
that contain species commonly susceptible to P. cinnamomi are common components of 
most plant communities of the south-west, from semi-arid to the wettest areas. Even in the 
same genus, there are stark differences in susceptibility between States; for instance, most 
WA Banksia species are moderately to highly susceptible whereas most NSW Banksia 
species are field resistant to only moderately susceptible (Mccredie et al. 1985). 
Nonetheless, some NSW species (e.g. Xanthorrhoea australis) are highly susceptible and 
the majority of species are of unknown susceptibility. Because many common species are 
highly susceptible in WA, the presence or absence of P. cinnamomi can often be interpreted  
 
44 
from the field symptoms of species known to be susceptible; this is rarely possible in NSW. 
In WA, many localised endemic plants are clearly threatened by P. cinnamomi. The number 
of species at risk is unknown in NSW but iconic species such as the State floral emblem, 
Telopea speciossisima (waratah), may ultimately be at risk. In cultivation, this species is 
highly susceptible. 
In summary, P. cinnamomi behaves similarly in NSW and WA; it kills some plants and is 
dispersed by the same vectors (vehicles, shoes, animals). However, its cryptic nature and 
the lack of knowledge about its distribution and impact are significant impediments to 
management in NSW. 
 
Management responses at a local scale 
1) Planning and management in bush reserves 
Managers of bush reserves in WA are well placed to deal with P. cinnamomi, whether it is 
present or not. The Dieback Working Group has produced guidelines for reserve managers 
(DWG 2008; http://www.dwg.org.au/files/DWG%20Handbook.pdf), which set out a 
procedure for dealing with the pathogen at a local scale. The parameters to evaluate, which 
will guide management are 1) the occurrence of the pathogen, 2) dispersal vectors and 3) 
biodiversity assets. The presence or absence of P. cinnamomi can often be interpreted from 
the presence or absence of symptoms (typically plant death) in common, highly susceptible 
species. Soil and root testing in a laboratory can confirm its presence though not its 
absence. Typical dispersal vectors in bush reserves are vehicles and bushwalkers. Assets 
may be rare or threatened plant species but they may simply be highly susceptible species 
that are valued in the reserve. Armed with this information, the bushland manager can 
produce management guidelines for dealing with it. The management response will be 
different from reserve to reserve depending on whether P. cinnamomi is present, whether 
dispersal vectors are manageable and whether there are any assets that will be affected by 
it. Zuvela (2002) is an example of planning in a bush reserve south of Perth for management 
of P. cinnamomi. 
Management of P. cinnamomi is occurring at several bush reserves in NSW and tends to 
follow the management guidelines developed in WA (e.g. Barrington Tops National Park on 
the central tablelands, reserves in and around Mosman in Sydney, Mt Imlay National Park 
near Eden on the far south coast). Phytophthora cinnamomi is already present in many 
reserves but clear management strategies have, at times, been difficult to develop because 
the boundary between infested and uninfested bush has not been clear. At Mount Imlay, 
several prominent species are highly susceptible, making delineation easier, but the extent 
of uninfested country is now small and management focuses on hygiene to protect these 
remnants. 
2) Community engagement 
Landowners at the urban-bush interface east of Perth are often faced with the consequences 
of P. cinnamomi in their own backyards or in neighbourhood reserves. In 1991, a group of 
concerned residents formed a community group (Roleystone Dieback Action) to tackle the 
problem. Now called Roleybushcare (http://www.roleybushcare.com/about-us.html) they are 
active in control of Phytophthora diseases in bush reserves, dissemination of information 
and training. This level of community engagement has not been replicated widely in regional 
centres of south-western WA.  Although, some groups such as the Busselton Dieback Group 
and a small community group in Denmark are beginning to develop groundswell in 
dissemination of information and training.  Of particular note is the Dieback Information 
Group (DIG) which has since 2002 run an annual conference.  This attracts between 200-
300 delegates and topics covered include research up-dates, management outcomes and 
talks from community groups. Delegates include researchers, managers, and members of  
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government and non-government agencies, consultants, horticulturalists, and interested 
people from the wider community.  
Although community groups have assisted with bush regeneration works associated with P. 
cinnamomi in NSW, there are apparently no groups focussing on control of Phytophthora. 
This is probably because P. cinnamomi is not well known in NSW and the areas where it has 
an obvious impact are on public land without high visitation rates. 
 
3) Eradication 
In 2006, the Centre of Phytophthora Science and Management (CPSM) with funding from 
the Commonwealth Department of Environment and Heritage established containment and 
eradication trials at Cape Riche in Western Australia and Narawntapu National Park, 
Tasmania (Dunstan et al. 2010).  The study applied a range of treatments including 
vegetation (host) destruction, fungicides, fumigation and physical barriers in an attempt to 
eradicate P. cinnamomi. The work clearly showed that these treatments were effective in 
containing large infestations, and eradicating small infestations in natural ecosystems.  
Eradication was previously not considered possible and represents a major addition to our 
management ‘tool box’ for some plant communities.  As a result of these findings large scale 
eradication and containment treatments have since been undertaken using the techniques 
with additional refinements.  For example, the Department of Environment and Conservation 
undertook a project in 2010 to contain and eradicate two disease centres within the 
Fitzgerald River and Cape Arid National Parks from the south coast of WA. Techniques for 
containment and eradication included removal of host plants, control of water drainage, 
installation of semi-permeable membranes to contain spores and infected material, targeted 
chemical fumigation to kill the pathogen, fencing to reduce spread by animals and regular 
application of fungicides and herbicides. Monitoring conducted to date has demonstrated 
that the site at Cape Arid National Park is eradicated and the site within Fitzgerald River 
National Park is contained. This project demonstrated for the first time that management 
scale eradication can be achieved for Phytophthora dieback infestations if the circumstances 
are favourable to eradication.  Tronox (formerly Tiwest) has also started to implement 
eradication of an P. cinnamomi infested site north of Perth.   
No attempt has been made to eradicate P. cinnamomi from a site in NSW. Few sites are 
likely to be suitable even if eradication were deemed desirable; its highest impacts are 
typically on sites with shallow soils of impeded drainage. 
4) Ex-situ conservation and susceptibility testing 
Knowledge about which plant species are and are not affected by P. cinnamomi can be 
indispensable when identifying assets for protection and actions in species recovery 
programs.  
Many of WA’s rare and threatened flora have been tested for their susceptibility to P. 
cinnamomi as part of a seed banking project (Shearer et al. 2004). Knowledge of the species 
most at risk from P. cinnamomi (e.g. Banksia montana) has led to the development of seed 
orchards in uninfested, protectable sites, and re-introduction (Cochrane and Barrett 2005). 
Most of what is known about susceptibility in NSW flora has come from field observation. 
Few species have been tested for susceptibility under glasshouse conditions. Only the 
Wollemi Pine is undergoing management (including ex-situ conservation) specifically for its 
sensitivity to Phytophthora species. 
 
Management responses at a regional scale 
Project Dieback (http://www.dieback.net.au/) in WA is an initiative of five Natural Resource 
Management groups, which aims to strategically direct resources for combating the effects  
 
46 
of the pathogen across regional boundaries. It does this partly through promoting community 
involvement in management and identifying high value areas of significance for targeted 
investment. Project Dieback has developed universal interpretative signage and produced 
regional dieback management plans. 
In NSW, the Sydney Catchment Authority and Hawkesbury Nepean Catchment 
Management Authorities have funded catchment-wide surveys of P. cinnamomi and the 
development of hygiene guidelines. Surveys are currently being done in the Blue Mountains 
and Gondwana Rainforests World Heritage areas. The aim of these regional surveys is 
partly to identify areas at risk and develop regional approaches to their management. 
 
Management responses at a state level 
There are three groups at the State level in WA with responsibility for Phytophthora 
management: the Dieback Working Group (http://www.dwg.org.au/), the Dieback Response 
Group, and the Dieback Consultative Council. The Dieback Working Group has 
representation from all levels of government and from community groups. It aims to increase 
awareness, encourage the adoption of dieback prevention and management policies and 
encourage the implementation of best-practice management procedures. It does this through 
dieback mapping, the development of management plans, and the provision of advice and 
training. Its publications are available online and have been a valuable resource to 
managers Australia-wide. The Dieback Response Group was responsible for implementing 
the State Phytophthora dieback framework and monitoring its progress. This policy included 
development of a dieback atlas and a dieback risk assessment methodology, and sought a 
whole of Government approach to dieback management. The Dieback Response Group was 
formally wrapped up in 2008 with the majority of the framework being complete. The Dieback 
Consultative Council provides policy advice about dieback to the Minister, identifies research 
priorities and funding, and raises public awareness. 
A Statement of Intent for Phytophthora cinnamomi as a threatening process in NSW was 
produced in 2008 (DECC 2008). It sets out priority initiatives for addressing knowledge gaps, 
determining risk to flora, fauna and ecological communities, better engaging with key 
stakeholders, awareness raising through training and education, and state-wide co-
ordination. The Statement of Intent is due for review in 2013.  
 
How does management in WA and NSW compare? 
Compared with WA, on-ground management of Phytophthora diseases in NSW has been 
largely reactionary and is very limited in extent. This is not surprising – P. cinnamomi has 
only been regarded as an important threat to biodiversity in NSW over the past decade and 
its distribution and impacts are poorly known. Much of the reactionary management has also 
been part of the learning process. Despite lack of knowledge in NSW there have been good 
attempts at management at a local scale given limited resources, there has been a good 
start at a regional (CMA) scale to learn more and prioritise action and there is a good 
framework at a state scale (the Statement of Intent) to direct management. Much of the 
management knowledge of the past decade in NSW has built on the experience of many 
decades of research and management in WA. This has been a very sensible and cost-
effective approach.  
A key difference between management in WA and NSW appears to be the lack of statewide 
co-ordination in NSW and links between management levels. There has also been very little 
community engagement in NSW. 
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Recommendations for improved management in NSW 
In NSW, Phytophthora cinnamomi appears to be widespread and has probably been present 
for a long time; much of its impact has probably already happened so broad-scale 
management is unlikely to be effective. A small proportion of the State is likely to require 
management of Phytophthora. This will mostly be at a local scale to protect species and 
communities at risk. The following actions will contribute to management of Phytophthora 
diseases in NSW. 
 
1) Systematic testing of rare, iconic and threatened species 
The seed of many rare and threatened species in NSW is being collected as part of 
seedbanking projects. Some is germinated for viability testing or growing in living collections. 
The routine glasshouse testing of a small number of germinants for susceptibility to P. 
cinnamomi will contribute greatly to our knowledge of the susceptibility of NSW flora in 
general and allow management actions to be targeted.  
2) Training for land managers 
Plants often die and the cause is rarely P. cinnamomi.  However, when P. cinnamomi is 
associated with dieback, a rapid management response can often limit its impact. Knowing 
what P. cinnamomi symptoms look like and how to check whether P. cinnamomi is 
responsible for dieback are important skills for land managers. They can be acquired rapidly. 
The Royal Botanic Gardens Sydney has produced a pamphlet with information about field 
diagnosis through soil sampling 
(http://www.rbgsyd.nsw.gov.au/__data/assets/pdf_file/0008/106937/Phytophthora_brochure.
pdf). 
3) Strategic sampling in conservation reserves 
The presence of Phytophthora species has been confirmed for relatively few reserves in 
NSW. Strategic sampling at places where the pathogen is most likely to be found (e.g. damp 
places along walking tracks and roads) will greatly add to knowledge about the distribution of 
Phytophthora species in NSW, and places where management is desirable and practicable. 
Laboratory testing is currently available inexpensively through the Royal Botanic Gardens 
Sydney. 
4) Landscape risk modelling 
It will be many years before NSW has enough knowledge of P. cinnamomi distribution to 
identify areas and assets at greatest risk. However, there is ample spatial information about 
disturbance (tracks and roads, which are potential dispersal vectors) and environment (e.g. 
geology, slope, aspect, climate etc), there is some spatial information about P. cinnamomi 
presence and absence, and some information about species susceptibility. It is possible to 
build models of habitat suitability for P. cinnamomi and models of risk (where susceptible 
vegetation coincides with suitable habitat). These models are far from perfect, though they 
are likely to improve as new data are collected. They at least direct management 
immediately to areas likely to benefit from it. This type of modelling has been done for Royal 
National Park (Keith et al. 2012) and is in preparation for some national parks in northern 
NSW. It should be developed throughout eastern NSW. 
5) Targeted awareness programs 
Increasing awareness of Phytophthora species as threats to biodiversity will be most 
effective if targeted. A statewide program may be ineffective because, as a threat, 
Phytophthora dieback is far less conspicuous than other threats to biodiversity. Awareness 
programs that target groups who value assets threatened by Phytophthora will probably be  
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most effective. This might include reserve Friends Groups, local conservation societies and 
activity clubs.  
6) Information sharing and management co-ordination 
The lack of co-ordination in NSW has meant that land managers have independently sought 
information about management of Phytophthora when a problem has arisen. The Royal 
Botanic Gardens and Domain Trust web site provides information about Phytophthora and 
links to other useful web sites (http://www.rbgsyd.nsw.gov.au/plant_info/pests_diseases). It 
will assist with information sharing but a mechanism for communication about Phytophthora 
among land managers would be valuable. Statewide co-ordination of management effort and 
policy development would contribute to reducing the threat. 
7) Greater collaboration with other States managing Phytophthora 
The benefits for NSW of 50 years of research and management experience in WA are 
already tangible. However, much of what we are borrowing here is obtained from readily 
available publications on the internet. Closer collaboration with researchers and managers in 
WA will allow us to gain knowledge of new and unpublished developments. We may also be 
able to contribute to management in WA, for example through joint applications to APVMA 
for product registration. 
 
Conclusion 
Although environments and plant communities vary considerably across Australia and in turn 
how Phytophthora Dieback expresses itself varies, we do have available to us a very 
extensive tool-box that can be used to help manage and in some cases eradicate or at least 
contain the pathogen.  Significant information is available on websites and in other media 
with regards to interpretation and mapping, appropriate and effective signage, phosphite 
treatments, and quarantine and hygiene. Much can be learnt from community based groups 
such as the ‘Dieback Working Group’ to avoid reinventing ‘the wheel’. 
Possibly the biggest challenge across the country is to stop the pathogen spreading into 
disease-free areas.  In order to do this, we need to (a) improve our knowledge on the 
distribution of P. cinnamomi and other Phytophthora species, (b) develop uniform 
communication, quarantine and hygiene systems (such as signage and communication 
strategies) across the country for consistency and to avoid confusion, and (c) develop simple 
but effective communication links between agencies, community groups, policy makers and 
research groups to ensure resources are well spent and not ‘doubled-up’, and importantly for 
the rapid dissemination of new research and management findings.   
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